T
HE high incidence of infection in the presence of retained bone fragments in missile wounds of the brain has been documented by many authors, who have recommended secondary operations for their removal. 1,2,5-7,9-16 These operations represented established policy in the Korean War, a policy to which military neurosurgeons adhered strictly during the war in Vietnam.
Martin and Campbell 13 found infection within the cerebral wound approximately 10 times more frequently in cases with retained bone fragments than in their absence. In 49 cases with retained bone fragments, these authors encountered 20 deep cerebral infections. In 45 cases without retained bone fragments, infection was limited to two cases. Schwartz and Roulhac 2' concluded that retained bone fragments are the most common cause of persistent suppuration, making their removal almost mandatory.
Of the first 276 brain wounds treated by Ascroft I in the Middle East, 75 developed brain abscess. Many of these required more than one repeat operation before being permanently cured of infection. Finding an unduly high proportion of cases with retained bone fragments, Ascroft advised immediate reoperation of all cases with a cluster of bone fragments, or with a single large fragment, even though the wound was healing and the patient was asymptomatic.
Harsh 9 :found 30 instances of retained bone fragments in 40 primarily infected wounds. He encountered 54 cases with retained bone fragments in a random series of 110 secondarily infected wounds. Wannamaker and Pulaski 23 determined that retained bone fragments and inadequate debridement were the causes of infection in 25 of 58 infected cases. They too considered the removal of retained bone fragments an integra][ part of the surgical management of penetrating wounds of the brain.
Hagan 6 reported an incidence of 56.4% of patients with retained bone fragments showing positive cultures. Organisms were isolated from intracranial bone fragments !in these patients even though they had been receiving antibiotic therapy for an average of 2 weeks. These experiences are confirmed by Hammon's analysis s of patients with retained bone fragments. Carey and his associates 3 found contamination of indriven pieces of bone in 45% of their cases. They estimated, however, that approximately 75% of all fragments were probably sterile, considering that "many bone fragments within the brain may be sterile immediately after wounding, but later are colonized by invading bacteria if definitive neurosurgical care is delayed."
Critics of the policy of secondary removal of retained bone fragments have questioned its wisdom, arguing that infection is due to inadequate debride-ment, and not to the retention of bone fragments. Animal experiments have been carried out attempting to prove this pointY ~ Implantation of sterile and unsterile bone in the brain of dogs was associated with abscess formation in 7% of the animals. The inclusion of scalp and fur with the bone increased the rate of abscess formation to 70%. Miller TM states, in his comprehensive review of infection following head injury, "that the association of retained bone fragments with brain infection.., is based on an enormous experience accumulated over many years and as such must be given due weight and attention."
Anecdotal reports of a significant number of cases with substantial increase in the neurological deficit following secondary operations for the removal of bone fragments continue to be told. Documented statistics, however, are lacking. The ongoing William F. Caveness Vietnam Head Injury Study permits documentation of the impact of multiple operations for the removal of retained bone fragments on the quality of survival of men with missile wounds of the brain.
It is the purpose of this communication to analyze complications following secondary operations for the removal of retained bone fragments and to evaluate the relative risk of these operations.
Clinical Material and Methods
During the war in Vietnam, 1967 to 1970, a roster of 1133 men with craniocerebral missile wounds was developed by military surgeons. Through the completion of Registry Forms, subjects were selected for future study. The forms were completed by neurological surgeons, providing uniformity of assessment of initial neurological status, wound description, extent of craniocerebral damage, and surgical procedures. The present study is based on records of all 1133 men with craniocerebral missile wounds. Secondary operations for the removal of retained bone fragments were performed on 116 of them, an incidence of 10.2%.
Summary of Cases
Of the 116 patients with missile wounds of the brain, 97 underwent one and 19 underwent more than one reoperation for the removal of retained bone fragments. Bullets caused the missile wound in 26 and fragments in 90 casualties ( Table 1) . Twelve of the 116 men did not survive, for a mortality rate of 10.3% ( Table 2 ). The cause of death had to be attributed to the extent of the initial injury in five of these. Infection became manifest in five other cases at some time between the initial operation and the secondary removal of retained bone fragments. Infection first became apparent following secondary craniectomy in two of the 12 cases, an incidence of 1.7% (Table 3) .
Various complications developed in 19 (16%) of the 116 casualties. Of the eight patients with postoperative dehiscence of the wound, five developed a cerebrospinal fluid (CSF) fistula at the wound site. Three secondary operations for the removal of retained bone fragments were complicated by rhinorrhea, one instance of which was caused by a previously unrecognized discontinuous fracture.
Infection manifested itself in 16 (13.8%) of the 116 cases with retained bone fragments prior to their secondary removal. Infection first became apparent following the secondary removal of retained bone fragments in seven cases, or 6% (Table 4) . Three patients had a superficial scalp infection which subsided with appropriate treatment. One man developed an epidural empyema that had to be evacuated, leaving no lasting adverse effect attributable to infection. A brain abscess developed in one patient in whom craniotomy rather than craniectomy had been performed for a penetrating wound of the vault of the skull. Six days later he underwent removal of the craniotomy flap, removal of retained bone fragments, and evacuation of large quantities of necrotic brain tissue. This patient returned to his original neurological status after evacuation of a large intracerebral Two of the seven patients with infection following secondary removal of bone fragments died 19 days and 4 weeks, respectively, after having been wounded. Autopsy revealed an intracerebral abscess in the former, and a purulent cerebritis in the latter (Table 3 ).
An increase in the neurological deficit occurred in four of the 116 patients (Table 5) , and the neurological deficit completely resolved in one case. Although there was a significant increase in the degree of the neurological deficit following secondary operation in another case, the permanent neurological status was that which existed after initial craniectomy. The increased neurological deficit was of major clinical significance in two patients who developed permanently disabling damage, an incidence of 1.7%.
lllustrative Cases

Case 1744
This 20-year-old man sustained a transventricular shell fragment wound in the right parietal region on May 17, 1968 . The metallic fragment had lodged in the left frontal lobe. He presented with global aphasia and right hemiplegia. The missile track was debrided through the ventricle at initial craniectomy. Dural closure was obtained by graft. There was minimal Comment. Although gravely injured from the outset, this patient became substantially worse when a second at~Lempt was made to remove a deep-seated bone fragment. This 20-year-old man sustained a fragment wound of the left frontal lobe extending across the midline on June 15, 1969 . There was no focal neurological deficit before and after the initial craniectomy with debridement and closure. Postoperative radiographs revealed a retained bone fragment close to the midline. The fragment was not found at reexploration on June 24, 1969. The patient developed an expressive dysphasia and a right hemiparesis following this operation, and was rated militarily incompetent at the time of follow-up examination in July, 1971.
Comment. Secondary exploration for the removal of a retained bone fragment resulted in a severely disabling neurological deficit.
Discussion
In their follow-up study of 103 soldiers with brain wounds, Carey, et al., 4 reported two minor complications, one major complication, and one death in 15 patients who underwent secondary debridement. In our present series, 19 of 116 men, who underwent secondary operations specifically for the purpose of removing retained bone fragments, experienced complications.
Dehiscence of the incision occurred in eight patients, five of whom developed a CSF fistula. The high incidence of infection associated with this complication TM is well appreciated. Watertight closure of the dura, primarily or by graft, 22 and two-layer closure of the scalp should serve to reduce considerably the incidence of wound dehiscence and subsequent CSF fistula.
Infection first became apparent following secondary operations in seven patients. Its causal relationship cannot be documented, and is questionable at best inasmuch as there were already clinical manifestations of infection prior to the secondary removal of retained bone fragments in 16 other cases. This finding only confirms observations made during World War II and the Korean War, pointing toward a causal relationship between the retention of bone fragments and infection. [6] [7] [8] [9] 16, 21, 23 The increased neurological deficit, which occurred in four patients, or 3.4% (Table 5) , warrants further discussion. This deficit was of a transitory nature in one case (Case 1126). A second patient (Case 2001) recovered sufficiently to return to the neurological status that existed following the initial craniectomy. The increased neurological deficit did not resolve in two cases (1.7%), representing a serious complication of secondary operations for the removal of retained bone fragments.
Conclusions
Primary definitive surgery of penetrating wounds of the brain includes the removal of all retained bone A. M. Meirowsky fragments. There will, however, always be instances in which even the most experienced surgeon will miss a single fragment. A second operation should be performed in that case without delay. The offending piece of bone will almost always be found in the missile track or in its immediate vicinity. The vigor with which the search for a retained fragment should be pursued depends on its location and accessibility. Rare situations are conceivable in which it will be safer to accept the potential of late infection in preference to potentially destructive surgery. 17
